Abstract. Breast cancer (Bc) is a common malignancy among women and the leading cause of female cancer mortality worldwide. in recent years, increasing evidence has shown that long non-coding rnas (lncrnas) can act as competing endogenous rnas (cernas) in human cancer and that they are involved in many biological processes, including proliferation, migration, apoptosis and invasion. in the present study, the biological function and molecular mechanism of ataxin 8 opposite strand (aTXn8oS) in Bc tissue and cell lines were investigated. it was found that aTXn8oS was markedly up-regulated in Bc tissue and cell lines, and that its level of overexpression was inversely linked with the overall survival rate of patients with Bc. Knockdown of aTXn8oS inhibited proliferation, viability and invasion in the human McF7 and Mda-MB-231 Bc cell lines. in addition, microrna-204 (mir-204) was negatively associated with the expression of aTXn8oS in Bc tissues and cell lines. a luciferase assay demonstrated a direct binding site for mir-204 within aTXn8oS, and inhibition of mir-204 stimulated the tumour-promoting effect of aTXn8oS on Bc cells. in conclusion, the present study suggested that aTXn8oS acts as a tumour promoter by sequestering mir-204 during the development of Bc, therefore providing a mechanistic insight which may facilitate the diagnosis and treatment of Bc.
Introduction
Breast cancer (Bc) is one of the most common malignancies worldwide, accounting for 29% of all female cancer cases, and has a high mortality rate (1) (2) (3) . although advanced treatments, such as early detection, mastectomy, radiotherapy, chemotherapy, endocrine treatment, targeted therapy and even systemic treatment, have greatly improved, the 5-year overall survival rate for Bc is low, especially when the cancer becomes metastatic (4) . a high proportion, ~90%, of Bc-related mortality is attributed to the formation of metastatic lesions (5) . Thus, this malignancy is a threat to the health of women worldwide. emerging molecular biomarkers that can predict patient outcomes and therapy responses have been identified, and researchers have shown that numerous molecular triggers are important in the development of Bc (6) (7) (8) (9) (10) .
long non-coding rnas (lncrnas), with a length of >200 nucleotides, are a class of rna molecule that lack the ability to produce functional proteins (11) . They have been demonstrated to be involved in complex biological processes, including cell cycle regulation, cell differentiation, transcriptional modification, chromosome remodelling, epigenetic regulation and tumour progression (12) (13) (14) (15) . lncrnas, which play an important role in human cancer, are an area of emerging focus for clinical applications (8, 16, 17) . lncrnas can function as competing endogenous rnas (cernas) by sequestering micrornas (mirnas/mirs) and regulating downstream targets (18) . in Bc, previous studies have revealed that the expression of lncrnas is related to the clinical features and overall survival rate of Bc. dong et al (19) found that the lncrna aGaP2 antisense rna 1 promoted Bc growth and chemoresistance, by regulating the expression of myeloid differentiation primary response protein Myd88 in vitro and in vivo. aTXn8oS is a lncrna with a size of 1,236 bp located on chromosome 13q21 (20) . Koob et al (21) reported that abnormal expression of aTXn8oS occurs in various brain tissues. a previous study revealed that aTXn8oS was up-regulated in Bc and was involved in the lncrna-mirna-mrna cerna network. However, the specific function of this lncRNA, or its role in the development and progression of Bc, was not investigated (22 the aim of the present study was to explore the underlying molecular mechanism of aTXn8oS in Bc, and to identify its potential role as a putative diagnostic biomarker and therapeutic target.
Materials and methods
Patient samples. Human Bc samples (n=120) and matched non-tumour tissues were collected from patients who underwent a radical mastectomy at 900th Hospital of the Joint logistics Support Force between august 2010 and october 2017. a 60-month follow-up survey was performed. The Bc tissues were reviewed blind by two pathologists based on the american Society of clinical oncology guidelines (23) . Fresh surgical samples were frozen in liquid nitrogen and stored at -80˚C. No interventional or other treatments were performed on the patients prior to surgery. The diagnoses of these samples were verified by pathologists in the hospital. Written informed consent was obtained from all of the patients, and the study protocol (no. 20171026) was approved by the ethics committee of 900th Hospital of the Joint logistics Support Force.
RNA extraction and reverse transcription-quantitative (RT-q)
PCR. in accordance with the manufacturer's instructions, total rna was isolated from tissues and cells using Trizol ® (Invitrogen; Thermo Fisher Scientific, Inc.). RT was performed using a Thermo Scientific RT kit (Thermo Fisher Scientific, inc.). rT was performed by sequential incubations at 50 min at 42˚C, 15 min at 70˚C and 20 min at 37˚C. RT-qPCR was performed using an aBi7500 qPcr instrument (applied Biosystems; Thermo Fisher Scientific, inc.). in total, 5 µl SYBr Premix ex Taq ii (Takara Biotechnology co., ltd.), 0.4 µl forward primer (10 µM), 0.4 µl reverse primer (10 µM), 0.2 µl roX reference dye (Takara Biotechnology co., ltd.), 1.0 µl cdna template and 3.0 µl ddH2o were mixed in the reaction solution. qPcr was performed as follows: initial denaturation for 10 sec at 95˚C, followed by 45 cycles of 5 sec at 95˚C and 34 sec at 60˚C. Relative ATXN8OS expression was calculated using the comparative quantification cycle (cq) method. Fold changes were calculated using the 2 −ΔΔCq method (24) . GaPdH and u6 served as endogenous controls for mrna or lncrna/mirna expression, respectively. The primer sequences used in the present study were as follows: aTXn8oS primer forward, 5'-GcG cGa GaG ccc cGT GTT a-3' and reverse, 5'-TcT cTT Gcc cTT cTG ccT TcT acT-3'; tyrosine protein kinase JaK2 primer forward, 5'-GGG aGG TGG TcG cTG Taa aa-3' and reverse, 5'-acc aGc acT GTa Gca c acTc-3'; forkhead box a1 (FoXa1) primer forward, 5'-aaT caT TGc caT cGT GTG-3' and reverse, 5'-cGc GGc TTa aaa TcT GGT aT-3'; mir-204 primer forward, 5'-cTG Tca cTc GaG cTG cTG Gaa TG-3' and reverse, 5'-acc GTG TcG TGG aGT cGG caa TT-3'; GaPdH primer forward, 5-GTc Tcc TcT Gac TTc aac aGc G-3 and reverse, 5'-acc acc cTG TTG cTG TaG cca a-3; u6 primer forward, 5'-cTc GcT TcG Gca Gca caT a-3' and reverse, 5'-aac GaT Tca cGa aTT TGc GT-3'.
Cell culture. RNA oligonucleotides and transfection. The aTXn8oS small interfering (si)rna (si-aTXn8oS; 5'-Taa aTG TTT TTc TTc ccT cTc-3') and scrambled sirna (si-ctrl; 5'-cGaGaaTTTGGTcTaaaGaGaa-3') were purchased from Shanghai GenePharma co., ltd. mir-204 mimic (5'-aaG GGa aac aGT aGG aaG cGG a-3'), mir-204 inhibitor (5'-Tcc GcT Tcc Tac TGT TTc ccT T-3'), control mirna mimic (mir-con; 5'-aaG TGa cGG TGa GaT cca GGc T-3') and mir-con inhibitor (5'-aGc cTG GaT cTc acc GTc acT T-3') were purchased from Shanghai GenePharma Co., Ltd. Briefly, 1x10 6 cells were seeded into a 6-well plate and transfected until they were 90% confluent. Transfection of the cells with si-aTXn8oS or si-ctrl (10 nM) and the mir-204 or mir-con mimic/inhibitor (10 nM) was performed using lipofectamine ® 2000 (invitrogen; Thermo Fisher Scientific, Inc.) with Opti-MEM serum-free medium (Gibco; Thermo Fisher Scientific, Inc.) following the manufacturer's protocol. The efficiency of transfection was determined in each experiment using rT-qPcr 24 h post-transfection. all functional experiments were carried out 48 h post-transfection.
Cell viability assay. The cell counting Kit-8 (ccK-8, dojindo Molecular Technologies, inc.) was used to evaluate McF7 and Mda-MB-231 proliferation. cells were collected 48 h after transfection and seeded at a density of 1,000 cells/well in 96-well plates. at 0, 2 or 4 days, the ccK-8 reagent was added to the 96-well plate and the cells were cultured for a further 2 h at 37˚C, according to the manufacturer's protocol. The absorbance was measured at a wavelength of 450 nm using a Benchmark Microplate reader (Bio-rad laboratories, inc.). each assay was performed in triplicate and repeated three times.
Flow cytometry. Flow cytometry was used to analyse the cell cycle. McF7 and Mda-MB-231 cells transfected with si-aTXn8oS and si-ctrl were removed from the culture plates using trypsin and washed three times with cold PBS until they were 90% confluent. The cells were fixed with cold 70% ethanol at 4˚C overnight. The cells were then incubated with 20 µg/ml propidium iodide (Sigma-aldrich; Merck KGaa) for 30 min at room temperature using the Bd cycletest Plus dna reagent kit (Bd Biosciences) to stain the cells. cell cycle distribution profiles were generated using a FACSCalibur Flow Cytometry system (Bd Biosciences) with FlowJo software version 7.6.1 (Tree Star, inc.).
Transwell invasion assay. a Transwell invasion assay was carried out to test the invasion ability of cells. The upper Transwell chamber containing dMeM without FBS was precoated with 100 µl of Matrigel and 4x10 3 cells in 0.1 ml cell suspension were then added to the coated membrane in the chamber. The lower chamber was filled with 600 µl of 20% FBS dMeM. after 24 h, the cells that did not pass through the membrane were cleared using cotton swabs and 4% paraformaldehyde was added to fix the cells at room temperature for 20 min, followed by staining the cells with 0.1% crystal violet (Sigma-aldrich; Merck KGaa) for 15 min at room temperature. Images of five random fields were captured using an optical microscope (magnification, x400).
Western blot analysis. Western blot analysis was performed as described previously (25) . The primary antibodies were incubated at 4˚C overnight and then incubated with the secondary goat antibodies horseradish peroxidase-conjugated (1:2,000; cat. no. ab6112; abcam) for 2 h at room temperature. The following primary antibodies were used: JaK2 (1:1,000; cat. no. 3230; cell Signaling Technology, inc.), FoXa1 (1:1,000; cat. no. 53528; cell Signaling Technology, inc.), angiopoietin 1 (anGPT1; 1:500; cat. no. ab8451; abcam), TGF-β receptor type 2 (TGFβr2; 1:500; cat. no. ab186838; abcam) and GaPdH (1:1,000; cat. no. ab181602; abcam).
Reporter vector construction and luciferase reporter assay. StarBase V3.0 (http://starbase.sysu.edu.cn/index.php) was used to search for potential mirnas that can bind to aTXn8oS. Through this analysis, aTXn8oS fragments containing the proposed binding site of miR-204 were identified. The aTXn8oS fragments were then amplified and integrated into the pGl3-promoter vector (Promega corporation), between the Nhei and Bglii sites, to construct the reporter vector aTnX8oS-wild-type (Wt aTXn8oS). in parallel with Wt aTXn8oS, the related mutant fragments were also cloned to construct the reporter vector aTXn8oS-mutant (Mut aTXn8oS). McF7 and Mda-MB-231 cells were co-transfected with 100 ng Wt aTXn8oS or Mut aTXn8oS and 10 nM mir-204 or mir-con mimic/inhibitor using lipofectamine ® 2000. luciferase activity was measured 48 h after transfection using a dual-luciferase reporter assay system (Promega corporation) according to the manufacturer's protocol. Firefly luciferase activity was normalized to Renilla (Promega corporation) luciferase gene activity.
Statistical analysis. all statistical data were analysed using SPSS 19.0 software (iBM corp.) and GraphPad Prism 5.0 software (GraphPad Software, inc.). clinicopathological characteristics were evaluated using the χ 2 test. The overall survival rate was assessed using the Kaplan-Meier method. The log-rank test was used to compare the survival data. Student's t-test or the Wilcoxon signed-rank test was employed to compare parameters between two groups, and one-way anoVa and the dunnett's post hoc test was used to evaluate the differences among three or more groups. Pearson analysis was used to assess the correlation between the expression of the related mir-204 and aTXn8oS sequences. data are presented as the mean ± Sd. P<0.05 was considered to indicate a statistically significant difference. The experiments were performed >5 times.
Results

Clinical significance of ATXN8OS expression in BC.
The expression of aTXn8oS in Bc tissues and matched non-tumour tissues was analysed using rT-qPcr. The expression of aTXn8oS was found to be significantly higher in the human Mda-MB-231 and McF-7 Bc cell lines than in the McF-10a normal breast cell line (Fig. 1a) . The expression of ATXN8OS was also significantly higher in BC tissues than in the matched normal breast tissues (Fig. 1B) . Moreover, Kaplan-Meier analysis showed that the overall survival rate of patients with Bc was lower in the group with high aTXn8oS expression and higher in the group with low aTXn8oS expression (P=0.0439; Fig. 1c) . The correlations between the expression of aTXn8oS and the clinicopathological characteristics were assessed with the χ 2 test. High aTXn8oS was correlated with the size of the carcinoma (P=0.0017), tumour-node-metastasis (TnM) stage (P=0.0038) and lymphatic metastasis (P=0.0004). However, no significant differences were found between the expression of aTXn8oS and sex, age, oestrogen receptor status, progesterone receptor status or human eGF receptor 2(Her2)/neu status (Table i) .
Down-regulation of ATXN8OS inhibits BC cell proliferation and invasion. To investigate the function of aTXn8oS in Bc cells, Mda-MB-231 and McF7
Bc cells were transfected with si-ATXN8OS. RT-qPCR showed an efficient knockdown of aTXn8oS in the cell lines (Fig. 2a) . The ccK-8 assay was used to measure the effect of aTXn8oS on the proliferation of human BC cells. Cell viability was reduced significantly in aTXn8oS-knockdown Bc cells compared with the control knockdown cells (Fig. 2B and c) . Flow cytometry analysis showed that transfection with si-aTXn8oS induced G 0 /G 1 arrest and decreased the S phase population compared with the control knockdown ( Fig. 2d and e) . a Transwell assay was performed to determine whether aTXn8oS regulated Bc cell invasion. Knockdown of aTXn8oS in cells reduced the number of invasive cells compared with the control knockdown ( Fig. 2F and G) .
ATXN8OS directly inhibits miR-204 expression by targeting its 3' untranslated region (UTR).
To explore the molecular mechanism of aTXn8oS in Bc, StarBase V3.0 was used to predict the potential targets of aTXn8oS. The analysis revealed that aTXn8oS contains complementary binding sites to the 3'uTr of mir-204. rT-qPcr showed that the expression level of mir-204 was negatively correlated with the expression of aTXn8oS (P=0.0017; Fig. 3a) . To identify the relationship between aTXn8oS and mir-204, the expression levels of mir-204 and its downstream genes in si-aTXn8oS Bc cells were determined. The results demonstrated that the expression of mir-204 was significantly upregulated after knockdown of aTXn8oS in human Mda-MB-231 and McF-7 Bc cells (Fig. 3B) . The expression of downstream targets of mir-204, including JaK2, FoXa1, anGPT1 and TGFβr2, was significantly decreased after the inhibition of ATXN8OS in both of the human Bc cell lines tested (Fig. 3c-e) . To determine whether aTXn8oS suppresses mir-204 by directly binding mir-204 in Bc cells, Wt aTXn8oS and Mut aTXn8oS sequences containing the target sites of mir-204 were cloned into a luciferase reporter system (Fig. 3F) . The luciferase activity of Wt aTXn8oS was reduced in the Bc cells containing the mir-204 mimic; however, the luciferase activity of Wt aTXn8oS was increased in the Bc cells containing the mir-204 inhibitor (Fig. 3G) .
Inhibition of miR-204 reverses ATXN8OS-induced effects on BC.
To confirm whether ATXN8OS exerts its biological function by targeting mir-204, Bc cells were co-transfected with si-aTXn8o and the mir-204 inhibitor. rT-qPcr showed a reduced expression of mir-204 in Bc cells after transfection with the mir-204 inhibitor (Fig. 4a ). Proliferation and cell cycle distribution were analysed using the ccK-8 assay and flow cytometry, respectively. The results showed that cell growth was increased in the si-aTXn8oS cells co-transfected with the mir-204 inhibitor (Fig. 4B) . The inhibition of mir-204 resulted in fewer Bc cells in the G 0 /G 1 phase and an increased percentage of cells in the S phase (Fig. 4c) . invasion was increased in cells co-transfected with si-aTXn8oS and the mir-204 inhibitor compared with cells co-transfected with si-aTXn8oS and the mir-con inhibitor (Fig. 4d) . .05 vs. respective control. n=5. aTXn8oS, ataxin 8 opposite strand; Bc, breast cancer; mir-204, microrna-204; mir-con, microrna control; si-aTXn8oS, small interfering rna targeting aTXn8oS; si-ctrl, control small interfering rna; 231, Mda-MB-231; JaK2, tyrosine protein kinase JaK2; FoXa1, forkhead box a1; anGPT1, angiopoietin-1; TGFβr2, TGF-β receptor type 2; Wt, wild type; Mut, mutant.
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Discussion
The identification of novel molecular targets for Bc is becoming increasingly important, with the aim of improving the diagnosis, therapeutic strategies and clinical follow-up of Bc (26-28). accumulating evidence supports the role of lncrnas functioning as cernas in the occurrence and progression of a number of human cancer types (29, 30) . despite rapid improvements in the detection, diagnosis, treatment and prediction of the prognosis of Bc, the recurrence and mortality rates of Bc remain some of the biggest challenges for patients with Bc. Therefore, it is important to determine the exact molecular mechanism of action involved in the initiation and progression of Bc, and to explore possible prognostic markers. increasing experimental evidence indicates that lncrnas can exert important functions in many biological processes and are closely associated with the development and prognosis of cancer (31) . consequently, elucidation of the relationship between lncrnas and their downstream targets would shed light on the diagnosis and treatment of patients with Bc.
The results of the present study found that aTXn8oS was up-regulated in human Bc tissues compared with normal human tissues; an increased expression of aTXn8oS was also found in the Bc cell lines tested. These data indicated that aTXn8oS might promote the occurrence of carcinomas. in addition, the expression of aTXn8oS was found to be related to tumour size, TnM stage and lymphatic metastasis, suggesting that aTXn8oS may be involved in the development of Bc. conversely, it was found that the knockdown of aTXn8oS suppressed proliferation, increased the percentage of cells in the G 0 /G 1 phase of the cell cycle and decreased cell invasion in Bc cell lines. Therefore, aTXn8oS may be a novel factor involved in the progression of Bc, by arresting the cell cycle in the G 0 /G 1 phase. in addition, the overall survival rate was low in patients with aTXn8oS overexpression according to the 60-month follow-up survival survey, indicating a strong correlation between aTXn8oS overexpression and poor prognostic outcomes of Bc. This result suggested that aTXn8oS may be an important prognostic marker in forecasting the prognosis of Bc. There are three sub-types of Bc cell lines, two of which were used in the present study. The luminal-like McF7 cell line and the basal-like Mda-MB-231 cell line were used; in addition, the normal breast epithelium cell line McF10a was used. The other sub-type of Bc cell lines, the Her-2 elevated type, including SKBr3, will be investigated in future studies.
mir-204 was identified as a predicted target gene of aTXn8oS, and their expression was found to be inversely correlated in Bc tissues and cell lines. mir-204 has been identified as an anti-oncogene and is reported to be down-regulated in diverse human malignancies, including intrahepatic cholangiocarcinoma, glioma, non-small cell lung cancer, endometrial cancer, gastric cancer, head and neck squamous cell carcinoma, and thyroid cancer (32) (33) (34) (35) . Previous studies revealed that JaK2 and FoXa1 are direct targets of mir-204 through binding sites in their 3'uTrs in Bc (2, 36) . another previous study showed that mir-204 functions by down-regulating the expression of anGPT1 and TGFβr2 by targeting binding sites in their 3'uTrs in Bc (37) . Based on these previous studies, it is proposed that the expression of JaK2, FoXa1, anGPT1 and TGFβr2 may be inhibited in si-aTXn8oS cells if mir-204 is a direct downstream target of aTXn8oS. The reduced expression of transcriptional control genes downstream of mir-204 observed in the present study suggested that mir-204 is a direct downstream target of aTXn8oS in Bc cell lines (Fig. 5) . More experiments need to be performed to understand the binding interaction between mir-204 and the lncrna aTXn8oS. The inhibition of mir-204 expression reversed the enhancing effects of aTXn8oS on proliferation, cell cycle and invasion of Bc cells in vitro.
in conclusion, the results of the present study showed that aTXn8oS was up-regulated in the tissues of patients with Bc and in Bc cell lines, and that its aberrant overexpression was significantly correlated with poor prognostic outcomes and lower overall survival rates. The results of the present study revealed the potential molecular mechanism by which aTXn8oS exerts its stimulating functions on proliferation and invasion in BC cells, by sequestering miR-204. The findings of the present study indicated that aTXn8oS may be an oncogenic factor that promotes the development and progression of Bc, and might be a potential biomarker for the clinical diagnosis and treatment of patients with Bc.
